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INTRODUCTION 
King County is c~rrrently assessing existing conditions at five transfer stations in an effort to determine what 
improvements could be implemented at some or all of the facilities. The County is evaluating 19 measures 
of effectiveness, including but not limited to, travel time to the facility, time spent on site, recycling services 
meet goals, daily handling capacity, safety, meets local noise ordinances, and meets criteria for acceptable 
traffic impacts on local streets. 

This technical report documents the analysis for addressing one of the 19 measures of effectiveness, 
specifically, Criteria 15 as follows: 

15. Meets Criferia for Acceptable Traffic Impacts on Local Streets 
a) Local mtersections remain below capacity if additional traffic is added, as defined by 

the Highway Capacity Manual 
b) On average, traffic queues entering the transfer station do not spillover onto or 

impede local streets during 95 percent of the operating hours 

The five King County transfer stations that were evaluated are: 
= Algona Station, located in the City of Algona and having immediate traffic impacts to Algona, 

Aubum and King County local streets, 
= Bow Lake Station, located in the City of Tukwila and having immediate traffic impacts to 

Seatac, Kent, and King County local streets, 
= Factoria Station, located in the City of Bellevue and having immediate traffic impacts to 

Bellevue local streets, 
= Houghton Station, located in the City of Kirkland and having immediate traffic impacts to 

Kirkland, and 
= Renton Station, located in the City of Renton and having immediate traffic impacts to Renton. 

The methodology, data collection, and results for Criteria 15 are provided in detail in the following report. 

Intersection Analysis 

For Criterion 15a, the traffic analysis software program SynchroISimTraffic was used to analyze local 
intersections. Most agencies require the analysis of the weekday p.m. peak hour, because it is typically the 
time period that the local street system is experiencing the most traffic. Although traffic associated with King 
County transfer stations may not be the highest during the weekday p.m. peak hour, the total volume on the 
local street system will likely be higher during the weekday p.m. peak hour, than during an hour that demand 
is highest for a transfer station (typically on a weekend). For this reason the weekday p.m. peak hour was 
analyzed at each of the study intersections. 

A traffic operational analysis (level of service (LOS) and volumetocapacity calculation) was performed at 
the intersections selected by each host Agency deemed to be most impacted by transfer station traffic. LOS 
refers to the degree of congestion at an intersection, measured in average control delay, and based on the 
methodologies provided in the Highway Capacity Manual. LOS A represents freeflow conditions (motorists 
experience l i e  or no delay and traffic levels are well below roadway capacity), LOS F represents forced- 
flow conditions (motorists experience very long delays, in excess of 80 seconds at signalized intersections 



and more than 50 seconds at unsignalized intersections, and traffic levels exceed roadway capacity), and 
LOS B to E represent decreasing desirable conditions. A more detailed discussion of the LOS concept is 
presented in the technical report. 

The volume-tocapacity ratio (vlc) is the peak hour traffic vol~~me (vehicles/ho~.lr) at an intersection divided 
by the maximum traffic volume that the intersection can maintain. For example, when vlc equals 0.85, it can 
be said that peak hour traffic uses 85 percent of the intersection's capacity; or 15 percent of the capacity is 
not used. When vlc approaches 1.0 (e.g., 0.95), traffic flow becomes unstable such that small disruptions 
can cause traffic flow to break down and long traffic queues to form. 

If an intersection operates at LOS F or exceeds a v/c of 1.0, Criteria 75a is not achieved. 

As mentioned previously, each host Agency selected the intersections that they deemed to be most 
impacted by transfer station traffic, with the exception of the City of Renton. The intersections analyzed in 
the City of Renton were selected by the project team in the absence of recommendations directly from the 
City. Intersection p.m. peak hour turning movement counts and intersection channelization were either 
obtained directly from the host agency, or collected in the field. The selected intersections are as follows for 
each transfer station: 

Algona 
West Valley HighwaylDriveway 
West Valley Highway11 5th Street SW 
West Valley Highwayllst Avenue N 

Bow Lake 
Orillia RoadlDnveway 
S. 188th Streetll-5 NB Ramp 
S. 188th StreetlMilitary Rd. 

Factoria 
Richards RoadlSE 32nd 
Richards RoadlEastgate Way 

Houghton 
1 16th Avenue NUNE 60th Street 
1 16th Avenue NHNE 70th Street 
116th Avenue NU1405 NB ramps 
NE 60th StreetlDriveway 

Renton 
NE 3rd Stl'dmonds Avenue NE 
NE 4th StlJefferson Avenue NE 
NE 4th StIUnion Avenue NE 

Queue Analysis 

For Criterion 15b, basic queuing theory as described in T M c  Flow Fundamentals (Adolf D. May, 1990) was 
applied to estimate the average queue formed at each transfer station weigh station upon entering. The 
equation used to estimate the aveqge queue is as follows: 



E(n)  = (2p - p 2 )  i (2(1- p) )  

E(n) = average number in system (vehicle) 
p = traffic intensity 

A = mean arrival rate (vehicles per hour) 
p = mean service rate per lane (vehicles per hour) 

In addition, the following assumptions were made in otder to apply the above queuing equation to the 
available data: 

Vehicle arrival rate is assumed to be random, that is, vehicles do not arrive at transfer stations 
at equal increments of time, rather they arrive at 'random" times. 
Vehicle service rate is assumed to be constant 
Traffic intensity (volume-tocapacity ratio) must be less than 1.0 

= There is only one inbound scale at each transfer station 

If the average vehicle queue exceeds the available storage capacity, then the queue is spilling over onto the 
local street system or impeding local street operations. The available storage capacity was defined as the 
distance from the inbound transfer station scale to the first driveway or intersection on a local street or a 
point on the local street at which the queue from the transfer station would impede non-transfer station 
traffic. 

If the averae aueue exceeds the available storaae capacitvmore than 95 percent of the oiperatina hours, 
Criteria 15b is not met. 

For Criteria 15b, transaction data entering each transfer station was obtained from King County, for every 
operating hour and every operating day in 2004. That data indicates the hourly demand for each transfer 
station by vehicle type. Based on two studies performed by King County in the mid 1990's at the Algona, 
Renton, Bow Lake, and 1st Avenue NE transfer stations, it was determined that the average time spent on 
the inbound scale is between 22 and 28 seconds. With these two pieces of data (hourly demand and 
average transaction time) the average vehicle queue waiting to be served entering a transfer station was 
calculated based on the equations listed above. 

At one station, the Bow Lake Transfer Station, each hour was not analyzed. Out of the 22 hours of the day 
that Bow Lake is open, only the core hours of 8 am to 6 pm for weekdays and 8:30 am to 5:30 pm for 
weekends were analyzed, so that the data did not skew the results for hours where little M c  is 
experienced. 

Forecasts 

Both Criteria 15a and 15b were also analyzed based on 2030 projections, provided by King County. The 
Solid Waste Division developed the projections using its forecast model. This model predicts waste 
disposal based on such factors as growth in population, employment, income, and assumptions about 
additional recycling activity. 



Intersection Analysis 

The results for Criteria 15a, the intersection operational analysis, are summarized in Tables 1 and 2 for 
existing conditions (2005) and 2025, respectively. In 2005, the Algona, Factoria, and Renton transfer 
stations all meet current intersection LOS standards (Criteria 15a). Both the Bow Lake and Houghton 
transfer stations have one intersection that does not meet the current intersection LOS standard, meaning, 
the intersection is LOS F andlor the vlc ratio is greater than or equal to 1 .O. At Bow Lake, it is estimated 
that if there were no vehicles related to the transfer station at the intersection, the intersection would operate 
below capacity. Conversely, at the Houghton station, the intersection exceeds capacity even without hf f ic  
associated with the transfer station. 

By 2025, all of the transfer stations have at least one over-capacity intersection impacted by the transfer 
station, with or without additional growth at the transfer station (see Table 2 and Figure 2) 

Figures 1 and 2 illustrate the same information presented in Tables 1 and 2, graphically. 











Queue Analysis 

In order to determine if the average queue at each of the transfer stations exceed available storage, the 
average vehicle length must be calculated. The average vehicle length was calculated based on the mix of 
passenger cars versus transfer station trucks at each facility, and assuming 25 feet per passenger car and 
75 feet per transfer station truck. The average vehicle length is summarized in Table 3. 

Table 3 
Average Queue Capacity by Site 

Algona 27.4 135 4 

Bow Lake 32.5 476 14 

Factoria 26.8 64 2 

Houghton 28.6 346 12 

Renton 26.5 70 2 

Notes: 
1. The average vehicle length was calculated based on the average mix of passenger cars versus transfer station trucks at 

each facility, and assuming 25 feet per passenger car and 75 feet per transfer station truck. 
2. The queue capacity was provided by King County and is the distance from the weigh station to the first off-site 

intersection or driveway that would be impacted by the queue of vehicles at the transfer station. 

The 2004 existing condition results of the Criteria 15b analysis, queuing, are presented in Table 4. Based 
on all data available in 2004 from January to December, only the Renton transfer station meets Criteria 15b, 
where traffic queues enterirlg the transfer station do not spillover onto or impede local streets during 95 
percent of the operating hours. The data was further analyzed to determine if the majorrty of the off-site 
queuirlg took place on the weekend or weekday. In fact, all of the transfer station sites would meet the 
queue criteria on a weekday, i.e. none of the sites queue off-site more than 95 percent of the operating 
hours on a weekday. Conversely, all of the transfer stations fail the criteria 15b on weekends. 
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Lanes, Volumes, Timings Bow Lake Site 
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J ' t  4 t + - ?  t P L i  44 

Lane Configurations ' ! 4 +  
, d 3 a : n ~ ~ + ~ ~ i ; : l  ........... :",$& $$jf;,,;',goa;2;: . . .  wg~$~~~riTm~$z~;~gw3;1Sw;~Cm3dl . . ado; ; j ~ 0 ; r  1 1 ,.b,,...&,.., .; ..,, ,; ............... " .; - 2  d . m . , . , .  ,~:,.iic.: ...* d?'::,.; .>-. ;.":<,: e....... ..ii ........:......... i.o; ..' ..*.................. 
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

Lane Util.  actor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 0.95 1.00 1.00 1.00 1.00 

>><k2>* . * a  >A .. ' . >;t*$>,t2 ?:: ,, , 

s ~ ~ i ~ ~ ~ 6 w ~ @ ~ ~ ) 2 L J ~ ; s 5 F y ~ , ~ ~ ~ 1 ~ ~ ~ ; ~  e ... "5. . :,kXr2 ,.:2,.2;.AL,, ~3539:. . . . . . . . . . . . .  : ..:,: ,::.?i::.,.~ .. :: @v\"9;j;j:,: .... ': t .  2 ~ ~ 4 2 .  0$3~q;gy58$+3~;,$&-g~5f~;;::i~..3j3;: #...... ..<,.-*+ .-,& ,>%..,, ,-,, %.<* &#,,,+* +,A!, 

.Fgzgk 
~ ; ~ ~ ? ; $ ; ~  . . .  o', , \;?;j{j~::,~,&::;: ;; :jz:+ :.,.;, : t  ...... o,;: a -, ,,;<;5,f ............... j i b i ~  o 

0.950 0.950 0.974 

Riaht Turn on Red Yes Yes Yes Yes 

Headway Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 ~~~?~~"fi ~~;*~$,$$,,:;;;~;$,;~$~;~~;,*;:;.~. ..GI:: :7.7>*5:.*:?. .+:;<.F$vrb:x%>A7:.*+ .*t~>>-.~~w,22z*"&~ :"+x T<a> 
*,~,***+ s,,,Aadq*' 'MJ~,.) ; &,;$,* c.sz ,=,, .? ? . ; :. ,h.:h #,$ ,3@+ i ~ ~ : ; < ~ ~ ; ~ # ; ; , ; i ~ ; 2 s ~ ~ ~ ~ ~ $ & $ ~ ~ ~ ~ ~ ~ f 2 ; < ~ ~ + ~ 2 ; : ; ; 3 ~ ~ $ ~ Q ~ ~ ~ $ ~ ~ ~ & ~ & ~ ~ $ ~ $ ~ ~ $ ; ~  
Link Distance Iftl 650 244 835 894 -~ ~- 

\ ~r ~~g~~;mg,[~y;~~2g;;;;~g;{$q$;~g~;f:~~>j;q'>&<y;:'y+,~$$$~gj;~.;j;~;$j$$q$p#*4;;< i'?2":;,qg,'oy~ ??>$ <.: :?e<.;y;3,&~f:g$~2@>@?:5~q: 
>M.. .%*, &va<zx"*, A,., y; .<'. A.x. * .-<,.*, .- ~~,~&:.\%$,!,~,,~3~*,:. :>, <G:+.&".A<..::::%-,X?.~%~* *.,., .y.. ~+.+%7;~*$,*& ~&A$$%2.p. 

"f>Y ,$, ,< ;~ :. ::>~;;::~<~,.~&<&::~~.,;:~i;:~~~$i~~&~g\> ?>;*<+A J*-:<%!$>!s, : p<< . 
Volume (vph) 367 1362 0 0 884 923 397 1 117 0 0 

$ , , .... 
g.-.'.."'*A.'."...." ".:;; *> . -.*>., ,*-a:; +'t.+t-..A. ..$..y>,> @,.$*,-;<:a ;,~o"s*T;3?k:.o; g2;' T2<y.o; g*>>%T.. v-, . --t- Tp2:=? ....... (4T+* %:"-+ .. S'Z,. 0 

~ Q & ~ ~ ~ q + ~ ~ ~ r ~ ~ ~ ~ ; ~ ~ ; ~ ;  . , .... i ,  .. , ,  ............................;. >:: , ................ ._,I ... ~ > : .  . . ,,, . .  . ,2rg:,~;~&%8@@i,kh, .L.i - .*. .%-, . X. nkh7nX 6..9~::,.;,? w...,~G..-- ; q' +-. .$t@ zg :$ gg~j-"" 0 $2 . . " . . . . .  s,:::z%:.,*..: ,-.> 2?<?&".h5 .ce*->,?,; "*?>.,:.,.:>:::; ,; J., h.d 

Adj. Flow (vph) 399 1480 0 0 961 1003 432 1 127 0 0 0 
>.,. :. , %:+ :,,.,.; .., h%,.$. 96iya . . .  wggGmpFid;G I1%ri P7::+ 39gjj;-;itm,;x "I :;YO; ", +:, :.7d;7~?:cq rn%;*"' . ~~.~.3~g~:~~g@;;~;$~~;;~;.~;o~"y~:@~,;i-;~: ., .s.*~& O;:;;;;:>,y 

.... . .,,, ;,,,s,, ,,,,,,, .;, ..... , . ,. f:is:;,L; ....,. ..:: . ,.*,,...... . . .  ,.<. ....... .,:,. .!, ..i .>,. <. X$>! ..... . " * ~ ~ $ l ; ~ k ~ $ ~ ~ $ , ' . : . , ~ ~ <  J;;$?$$: ............... % ?.6:<:>$.. . >: <?:>":: *..>,. "3.,;*?i:?x ;?:::s:i$:*..o 
Turn Tme Prot Perm Perm 

permitted Phases 8 2 
~6~1~s$~,~gJ~g$jA~2~~~;;~~g,~i$~@,;: ... 5$dyj,;$;.; ~...:@j&j; o',. a:" ;;;;To @;<;;+;$To 0::; {;;<;:@@:?;,: .. ,o. 
;<,.. ,.--* ........ %%.>..,,.. "- ,,%$>;k;.>zk,< ,$<:. :;<-::,.z .... >*-...... s::;: ...... ,A:< *,+ *?,?*>? b,.+, :...::Si*~ *,**L&;*?,,<L~~.,$:$%~; -*,, %@ t&:::?:?qA< :.,.~;.>:.i:;a*g*:?";+i5:*,;:,A, ?, .... :::;sy; ;. .. 
Act Effct Green (s) 18.0 55.0 33.0 33.0 17.0 17.0 
~ ~ f ~ * ~ ; ~ ~ ~ ] ~ y ~ & - @ ~ g g ~ $ ; ; @ @ ~ ~ ~ ~ ~ ; ~ t ~ ; ~ @ ~ ~ j ~ . ~ ~ J ~ ~ : . 2 . ~ ~ 9 ~ ~ ~ ~ g & ~ ~ ~ g ~ g r v ~ ~ g ~ q ~ $ ~ & ~ ~ ; ~ i ~ , ~ ~ ~ y ; ~ ~ ~ j ; ;  
*. .<.- x,. ,++a .. ,<*..k!:~.%b .,<"&.c: %<:..L x:<~~&~<**.~k3xv :. .............. ,* :~<:%*~$:L.:?+~;G~A ?. . :,&a . ' . *> 5 :  LIS ~ 3 %  - ~*:<~:**:&>*>5~;.?,.~<,>:.; y:&;&?; $,,. ,?  

vlc Ratio 1.00 0.61 0.66 1.01' 0.78 0.74 
, , +. A.,. .<..s.2.s.n ~:v,~~~@;?:.:+i.. : . : Q'~~~;j&?L~<:;c:;:,~G~,g2~~5,;~::,::+$:;2$ - '  '- AU-; - .' . ..--. ..;- ......%Ir..Z.i..w ,.. mi-.. 63&&~&9~~9~3~2~$8!9~(32,2~~~2a,~22:24@~;-:~f.G.2t;4.?:~:T;,:~:~~;;~ . -,. ... .< p91. .rr . ..: .... a:r.< <. . ,v<+A.,c: ....... >:::&.'?! ........... >w',a"".; .,-&.A* ....... >.A<. .4=> >*,"P>::s*:::i:?<$.-. Z.~ .f,.,~.%<&*:.:.. .. ,.* %,,,. %i.?x: ... >..:. .. c... $. ....& :&* *, .w;:G~,&~>22. ,.,;;",&&&h'+&. -.<&< .,\>$&$~.h*%. .&**y:<~$,&&$*.*;;;!>?$;%,::2..~+: 6. .Y25sc.:; 
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 ~6p# , *D2~~3~@~$; , *~ f~~~@>~&~3$;7~6~~  &j@~{$g,>~;@~6<~;~~${~g,~~&~fgtgggg~~$*gf~g$~~$$#~:~8$b?$$~~,,~ ,;:.,; <C p ' 5  ;Lz>.Q :: 
*..,, ,*wm ed&.$<,, "s>&&:&;x*&9> .....*.- 6:. c ,~ . , , ,  .. >;;$:s.::~:, *,.2-*? 5; ..:; ><:.:z< .,.LG: 3 :-** ,--::: .... " fa, ,A$ ? ,. $5; z$,> .\,**& ~a&*;~?:~*>?~::~A>!<~"~<&<:~;;v:.:,!~>~:i~>?.~~;:;;:~:~:*: 
LOS E A C D D D ' 
~+$~geg;@j,gpjpF ?p+;F;7xF::, : *3;&,yL$3?s> @~y*::;$+~;yiy$. , ,, ~i"-.~~~2~~.~*~~~ , , < , , 7 7 .  &@$S* 4-$223T$;>32<!g?3;pz: ,,"?'F.$Z?'..< '. :>.>i.?.:F!;;<: 

*,, ,., .- >,u&as$r.d ~ >,:T- , $&~;v;$$:&.?:<.,:<~>:&:;:; : ,, *-,,,& &*<>%?< z:?;&g";gg>g:$j ;33>5;i2; xg,5*zdz @,:; zAt":z",.c$ ,ti: 2 ;&$&f&&&;:;ij:<;~:&~:; 
Approach LOS C C D 
. : ;  , .  , * ""'"""" .....̂ . '~""",'.'-'-"^" ' S  

, my &* ,;@s$~;:z?:$;g$~;+'<,, <*,,t ;>,y;:,<,,,ee ,a,u &J;>~;$L??&<~;;* 1; .: :<;; ;,. ,f :?:; ;; ,<*-, F&J,g$~2;g$;;;$$~c~~<~g$~$;;g~gg~;~~~;jg~$j$f:$!; 
Fuel, Used(ga1) 10 16 9 12 

,-.m$.*T*. '..> .*. mrTwT9% * '  .-.. C,-. "rr -,,< :"V .,'-'.Y". ""Ai .-rarw t,;" .><A. 
5 5 

. . . .  ....... . . . . .  ~o&ssio9$(@f@;"t,~iI~az@ ? 13 23Fi<;:::<., :'y;,"?,$~;:;>,c " i~~653##$~8*~  ~ ~ $ ~ ~ ~ . & . : $ ~ ~ 3 ~ ~ $ ~ ~ ~ $ & & ; ~ ~ % ~ ? ~ . ~ ~ ~ : ~ ~ $ ~ ~ ' r ~ ' ~  ....... , , 6% : , .... , < ,  , :..... ................... , . , : .&$&<b:_$ >; L%&:!;$$% 
NOx Emissions (gthr) 141 21 8 127 165 74 64 

*,'.W " ""F""" -, ,@T!g*,Y;v; $7 .ggF*:$:i5*T"*T$. 

B3&;243;$~~~~~~22~~$>25;;:32&~&~$~ ': $Fw%$q$$g@tq?*% ::.& s~*i.&'~?3 z?-..+ .z-v,v ........ x&&!. 

0 
" .*%*". .. '"'"". ,y*<,$%,> .. "" '~.'p ,+Q''.* A- '%, .x*"gK*,. 

0 
*JWJ'^F"Rr*.,~: ,. ,.a +Kgg ?<& 

I~,( .,._C2J. F^X,S ,.&. .~$i$~~~~~\.~;3~:~~~$;$~~;~~~;5~;;;~~:~y@~~g~~&~~$@~~~~.Q;:~&~~~~,$:;>~;~&$$~Agg;;;$~,~~~ 263 #578 #26 7,'.%g ,,,.*.. 

Queue Lenath 95th (ft) #378 231 

Turn +.-. Bay .. Length (ft) ..** yw,m 0 .  .,+>> ..*. ................ .":@. . . .  *, .<,:; x,.", . .  ,?%?a&.. . *<s 3.".. . ~ ~ & Q ~ 8 ~ & . I f ~ 3 f ~ ~ ~ $ ; ~ 1 : , ~ 3 9 8 ; j ' I -  ;... .. r-r;r;lcw 8.a .cu . ~ ~ ~ , , ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ f ~ ' ~ ~ ~ ~ ~ f C O ~ i i ; - ~ ~ ~ W ~ ~ ~ $ ~ ~ i b j c j c ~ ~ I I ~ ~ , , ~ & ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ , i i ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ?  .. 
. .  ....... : :  2 .. " , ........ &,*, ......... a,&, ., ir V 2%: -+" <,..:* :,~!;<,>.;"?::::. ......,A :<:, >, >.!:".;::> ;. 

Starvation Sbjjltj,weCdBr!R&EBijl..-......., Cap Reductn 0 ~~~p2y-m.~ixee"sii2.i~;57~<zr9';1~r~.2 0 J . . . ~ ~ ~ ~ . . ~ ~ . ~ ~ * - - . . . . = ~  0 0 0 &$;is P::....~~~..... 0 
<,,> * ,,%$ ';>: -"% ;:x>>.9.>* *~~'.~,~~:~~>>>~~.~.:.'~'.""L~.~~.'+~~~~;~.i.:\'~~;~,,:.'.,,:;.~Y 

..... -.....%. .. ,**&< ,czc&s, %<< .. s+,;2$'$:$<i,: :q,zc < c:5,%%+ g ;:,.; :5zs,$ it;!,5;~;5~2;~k~~~~$$~&~ . ,&$ 3 !,A: ~:U.~~; .~ ,< .~~S  ,:%d:i*A.+n @ : z c ~ ~ - ~ % t t ; ,  . ~ .%..a%...h6 
; ~ < ~ ~ ~ $ ~ : ~ \ ~ > * $ < ~ < : : ~  ",,., k2ej.";:k.,-.: /%$?;* ~ ,> : ; * ,~v : :?~q~~*~* , .>>~ j~~-~  *$ :; .yV!, . . . . . .  ; .... 

I * ... 
Storaae  cat^ Reductn 0 0 0 0 0 0 
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Lanes, Volumes, Timings 
3: S 188th St & 1-5 NB Ramt, 

Bow Lake Site 
2004 Existing 

Intersection Summary 
Area Tm$ . ' , <-$ , * Other 
Cycle ~en$ih: 80 
Actuate\d,Cytjl6 %h: 80 
Offset: 0 (O%), Referenced to phase 2:NBTL and 6:, 
Cairthl TBe; Pregmed I '  % 

Maximum vlc Ratio: 1 .O1 
Inters~&S@a(~eIay: 29.9 , I nteqe@i@n-lLOS: C. 

Splits and Phases: 3: S 188th St & 1-5 NB Ramp 
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Lanes, Volumes, Timings Bow Lake Site 
10: Military Rd S & S 188th St 2004 Existing 

> + \  6 t c l, t.. p L 4 44 

Lane Configurations . . . . . . . . . . . . . . . .  
IT*:." -YF 1='9-..e.. . . : :  ... Ilr F 3 f+ F '5 HF 

. . P'" .......... ::-; 1900.; . 1900.. ,.: j 900,;:. 1900'1~~1900-:~~.1gj0$f3 gOO..:j:<:fQoo . .  . . . .  1900: 190~i '  ,,,ig00, :j'!900 ~d:@.::F~e*(v~!hp!Z-.g1.:: : . . . . . . . . . . . . .  1. . . . . . .  " . . . . . .  < !,., . . . . . . . . . . . . . . . . . . . . . . . . .  ,,; .< 

Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
~ ~ ; @ f @ : r ~ ~ ~ ~ ~ ( ~ ~ f i ) ; : : ,  .::;:: ,::,. ,1'5:1, :, Y ,  :. 

,. .;?:,.15 . .  . .;:..". . , ... . Q  5 : : 2 .. . . . ... ..: '15. . . . .  . .  . . . . . .  .:.?.'.?:*:.: . . .  .. ,; i 9 . . .  . . . . . . . . . . . . .  . .  . ,  . . .  , : :  . : . . . .  . .  . " . " " " "  r.:..'.i".. .":*,A ,'.., ,:.:.:, .,;.:,* , . ..' :.....: .. . . . .  ...... 

Lane Util. Factor 1.00 1.00 1.00 0.97 1.00 1.00 1.00 0.95 1.00 0.91 0.91 
. . .  .:-.i?&.:.; !? " .. . ..... .... . . ; .  0.992 , . ,;:< , .s arsi,:.:&~~~<:' ,,, ,3.T:;-+ ":i:,,'.:i; ;??:.: 0 850:'::1;+-.::;:gPi$;.; 0 998. 
. . 3 y ' , " : .  , ., ,*, .v.. :. "-6.. e. .?:", .j..:L..'g",.r ..\.<..4,, .::i .,.< . . . . . . . . . . . . .  . ..."".. ..... . . . . . . . . . . .  ........"... , 

0.950 0.950 0.950 
f , , 7 , . , ,  ,,i 770 1 848 ,. , , . 0 $1 343$ .798:$;>;.,~~~::,~b$" i:tn&':y 353g;::; 583 ?:;:,1 ir /b , , .:: ,.5065,:,;{~;:~: Q ............. 4 ...:.... ? -  . . . .  ,*; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  : . . . . . . . . .  .,. .n<"i:li .....*.. ......., .................. , . . . . . . . . . . . . . . . . .  
Flt Permitted 0.950 0.950 0.950 0.950 

Headway Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
, ; , 3 , L . . .  : , . .  ... , . ' ' . .... '""U.6' '"",*@ : ...... ; ; ,  ..i: .'. ?-. ....... " " " ^  

~:i:<:,:v!;,*!:>..:;>,.~~>~:.$,+i.:<:"'.:<;:.~~ '" " '. " ?.{< 
, . . .  . .  , 

r.r.r. W i Y . .  .-. ?En....,.. ,.: <::-+,; %:2LG2 ,;~ ,;*,$% 7y,y:gpz;!;~<r;: . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,!?, 2~,:,, 
..<:.30:: ?..., : ::?::>?:!L.> ;,::::,;,;:.??+ ,..;+;:30'::; :, 

,,; ; . !  . . . .  . .  . . . .  *;>:,. . . .  . 
Link Distance (ft) 1 070 798 306 408 
~~~gf~~,9$&~($~~$~~i;~;$$,~$::;~;;;~72:FL7*23;3;:;, ~ ; , " ; $ ; , < ~ $ ; ~ ; ; ~ \ ~ ~ ~ ~ & ~ $ ~ & l : , ~ ~ ~ ~ ~ w ~ ~ ~ @ 7 s ~ > ~ ~ > ; &  2d,.. , : x W ~ ~ . . :  :\\>:<.~<A%:G>Y~~.*~.'. '.', ' 
,,m.G,,<,A,,,w**,L, ,,,**,, >,;&& ,>z5*, :;?:..../ ............. ...<:: ::; .z*:>z- M..'.... 15 .:I .. +J *.,? .v;,: :g-" 

, , , ,,.A>> ;:;$4.,;;, & ,;>,:w;:T**,,,< ;?&?, &cy7$$: .&&i3Fi;t$z$g::'; .-!;;;$:$;~:;~:$$<~$$;:$;~~$*;:,~~ :.:.j;& 
Volume (vph) 7 379 280 86 71 635 - 274 103 1167 34 
: * 2 - : 0 ' .  . o g ' 2 : g * ' - 2 " '  9 %  . *  . , ,  , , 0.92 
. ~ . ~ ~ . ~ ~ ~ i . ~ ~ b ~ ~ ~ n ~ . f ~ ~ b ~  i. ..,_ ecd*r >;.A . I?%;l:-. :. ..;ra&$~~~. ...... .r.;* .- . . . . . . .  .,-. %P<: >.+.wr.*m.S3mkdj& ....". <;~''L~.,~.!,~,~.z -3% i. .. ds...b.~A~+~~.m.~bew~2..2 ..L ........ ,<*> . . . . . . .  ........... .*, ..... 
Adi. Flow (wh) 16 139 8 412 304 93 77 690 298 112 1268 37 

. . 

6.1, ' : "  . , :: 

s , ,  , go 0 . 0 0, , j ' c , ' ,  9 , 4 $ 3 ;  v..... 1 '  , ' 26.0 . ' 1 ' orno .",. - ............ \.:, , q+k, . L ~ b : d ~ , x + : ,  .,.-:;.. ..5 ...:..... :.....: . . .  . . . . . . . . . . . . .  2:,; .... A + , ~ . , .  .I:.:;:ii;i/:. ... '..,::.,,< ,,;- 2.-.; . . ..rqxrqxrqXrqxG ... i ~ .  .. - ..; ,.-$ . . . . . . . . . . . . . . . . .  
Act Effct Green (s) 

,r.-,,y.A:, w :*.- ?:*"&ar$;"~..tr?->&+;;II 
4.0 16.0 11.0 23.0 5.0 20.0 20.0 7.0 22.0 

.cvc>+. 

, ; @ 0 -  ; . 0 -  - 
-," ":" ".~:;%'": "'r'" :" ' .. " ' 

d,, ,' r,+, ,*,,, ,,,, ,>,L+.. *~ *,*, ?<:?"\<< , ,,-:w;,<,"",<. :.:,*, . ,,<, .,,>. . , , ,; ,>>;. :.., .,,x, * .,,*,,,\w<., :; ,<:? ?7.:F>: * :: V.?.%&, "<;,.i%g%%$':iQ$298?;; Qi:!;,g;g;:<; O$i' ',: ;; ,, ;. .:. 

V/C Ratio 0.16 0.35 0.76 0.66 0.61 0.68 0.45 0.63 0.82 %%I, ~ ~ , ~ ~ ~ ~ ~ ~ ; ~ ~ ; ~ ; ; g j ~ ~ ; >  35'4:;;;,:.:,, &,i7j,zjj:;!,;.,$;+,5y $$;i~$@?$,~pp~ ;::, ,;;,$+ j ~ ~ ~ ; ~ ~ ~ ; ~ ~ ; ; ~ ; ~ t ; . ~ , ~  2a,., '-,>;-g!-: 4@4:<',:,;; 22;3 
......., w u A*:," b*., ..,, . . . . : ~ x + 7 . ~ ~ : ' ~ : : ! ~ . z s . . , , ,  ,?: ,i...i. ......... ,;:%:i.:.-... . .- .............. ...,,. ~:;e, .. .........,... ..~,.:~>::~~~~~..~.,:; ?:.; i t d i r ~  ... -T *,., ...... ,.! Y.;$:i ;:SCI: . . .  ...> .,..*,., ........... 
Queue Delav 0.0 0.0 0.0 0.0 " 0.0 0.0 0.0 0.0 0.0 
75-M ~&~~f"~.~y~$i$g:iiii~~~~<~I13$i~j12; 2#;i;~4~,;,;;:<'$,;;y .3$;$f": ' , : >$';i,:%,,@xy~ W'?;;Q'I~@;;, '- $~.*"4$4;,j:. fi,$;:;;??,* 
b...'wA,:M,: ,yz3.., 2,-c ;? ,,2:;?5,.;v . .  7.,5i;5: ,'x-r 8j::af:?$;y:, ,.,< . ,:..:; :".,;, ?:$?.!; ;~ .......-.A<x &$25:&+%~p:~;h. .. ,.. ... %,~6.*rt.. .>~%&k4& -.:%<i.~,- ;... ..ae?.;,... -,>.. ,;, ,_ $<<. ,:,., z:;..-; I?:-: . . ; ,  * ................. 
LOS D C D C D C A D C 

Approach LOS C C C C 
sf6~;~$~J~i~+$~;~~:~;$;;~~!;;~;&;,$;~i < .  j OJ?;; :;2,,,>;~*;;;j~;;)$3:~~<g~;$$g*~~;$~;; ',-;,T&y:v Gal>'.. ::%' : $::?.2: .g3;:zl m?;;:.! . . . . . . . . .  3; .,,, :; 
k>A<A* .& * -.. ....... . ...... ....... ...... >: . .  *6h6h:.B...:; <...z..6h6h6h6h6h6h6h ., .,> "; v .  *~<",, &z*?g >,,>s*.< :2>&~$*~z~~?::$~::..z %.,,,,. &:::$ <,>?,+ :++:;;:, :>:; *.., 2::*;;z; ,,*, ,.,,- ...<. "<. -,:. 

Fuel Used(aal1 0 2 7 6 2 11 3 2 16 .- ~ ~ ~ , ~ ~ , ~ & ~ ( 1 ~  + ~ ~ ~ ~ ~ ~ 2 ~ ~ : ~ ' ~ ~ ; ~ ~ ' 6 $ r : < : ~ $ ; " ~ ~ < . ~ ~ ~ L ~ ~ ~ @ & $ @ : ~ '  ~~~~;~@&~f~i$j6~t:ii~@L~~~$~~~~$Iz$,~~~3~$i, iLj3f Fi!;j$$j?i, 
.... v2;;\-,-vvm.r; .%.i:'i:2L-:':>.w. ..- x&.,xl;5\ .r.ur.s..?.3a'6......:,. A?.. .  ,;,~dr~$S&~~~_i..<i~.d~%~~..~.r\rk.~::~..:-.-~,~.:~:.: ,,X,~,.+A~*J~.,.,.,,, :Xii, ..laa....,*x.>:,nri.,--n 

'NOX Emissions fa/hr) 5 33 99 78 23 151 34 25 221 -~ - 
- .- p~$~qQ~~m~p~~i~~~$g2~;~~$~3;~g":F&Tl pkp~$~@@;~?*~~~~~fw~p;&~~~g~~~~>~~~;~"'i'~~~:::j9;~:~~:" ~'$.:,:~x::.., <. 

raA b. ... -.**,s+ .A,, <w3: ..*Wh 2:. --:. ....... -.,- ...-.... .<&t+<<y&h>L+ 9m".?: ....... .**>A %%w>,'""&.* *:,x<?%?3:~.>," .. *-M#<rf, vA:**& ~ : & ; $ : ~ < ~ $ * & ~ ~ ~ * : ~  ..... ... ..\><<.;.v: ...... 

Dilemma Vehicles (#) 0 0 0 0 a" r Q * q T ~ 5 ~ ~ ( f i l ~ ; ~ ~ * ~ ~ z . ~ ; < ~  "*.r:w.::.; :v,; 3 0 0 0 0 
- ~ ~ 4 ~ ~ .  , , ~;~-;.~~;,:..5qi:.:i~~.:$:,~:~:~.2~~~j .......... .?.. ~~~iT~88?1si~f3345~T~C13~~~>33~~z~?$32~,. ........ ........ v;.2;g.0,?~~~;~~47$~+2$ "' 

0 
*' w ,--. ,de-=d .,,&*A* ,>A -.> A> YS.. c~!%:z*is~.%~:, &3:.<:v;*2 :>$:h;A<~!.&~'*,>~~>*>:%~~~?i**-&~r<:..~~~ @<%,* L:.:L?;:*,*&$~;&:< &&, , ..,: ,.4\, . &:::A;;; a,+>A ,:::.=- 
Queue Lenath 95th (ft) 25 100 #I49 226 #92 194 52 #I14 2 

Turn Bay Length (ft) ........ . .. . .  ,?-<+&:* .,w ,@$& >-..: *-,*c%,. ;.<"*,$?< :<?: 7f;,o,l$3:;;: ,"" 4 s :  +.,.., <;y;;:y$;":.sggg$ .* ...,. "... ,." ,$,,. '?vy", 6m?g&y?$z&$$g ii&$$$&fgj;f;<:.?,:. ~ $ ? ? w > f : n  ?.;TlsgG,;F, ,. 'Y. >. FE&@& &-*** ~.:.,, ~ , .  " *.:%:?:$?> r.:.<. ,,<. : .<.L+& r:::.: . *.... ?? ::.,.:-.. -": ,:::: ..-..<**, . s*,(m*x :*,. . ..%::2-,<A<y5.$ *"<X.,.*.:..d: %:<,,>.&&x! >,*xk.<*;j *AT$$::$ w:,,>;:2::; ,, ;,, -., . 
Starvation Cap Reductn ' 0 0 0 0 0 0 0 0 0 
s ~ ~ ~ ~ & ~ ~ ~ ~ ~ $ @ , ~ ~ $ > $ ~ ~ ~ ; ; ~ < $ ~ ~ ~ , / ~ > ~ ; ~ > , ~ , ; ~ ~ ; ; ;  ;~g&~~~~J:::;~~~,,::;;;~;;;$~g;~d;,iw ' ~~~~$;$;@$~,~$&;@p~ck~~~::v7:x<5~:9~jj~ .;<>;.;..<; ::y 
a: &%-, , .*>L.a.h '+&4<,<$.: .&&$,, ' .,$,$i:- v2 ::;,** .,, ~ * x 8  ; ,>;- .?" w\,&"\w$ *:;#+* :::;::,: :i;,:g~.*.$s~*;si$;A,A&$;L:3;s:$:'; .;,$.$ :z:xg:bg;2&$L& -*5J<v A .*;&% ;;>, s;b&:<~3:; &h+c ;:!j:;$..!.; ",,:< :::.i: :;::. 

Storaae C ~ P  Reductn 0 0 0 0 0 0 0 0 0 

HDR Engineering Inc. 
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Lanes, Volumes, Timings Bow Lake Site 
1 0: Military Rd S & S 188th St 2004 Existing 

Intersection Summary Are&T';"."," .".. . . .  . . . . . .  . . . .  . . . .  . : . .  . ype";;.:. ..;, ::i2z>Lk( Other . . .  . . . . . . . .  . . .  
. . . . .  . , 

. . . .  . . . . A  .... ~.%?;>,- *:t><;.:%,.. 

Cycle Length: 70 Aa"gf&,'CvclC.L-e-wii: : , , , . . . 

.A.. : <x*.+* . . . . . . . . . .  ... ........... . . .  
Offset: 0 (O%), Referenced to phase 2:NB c5" fmljx: $@ ;p.gg$6'd:;i,: , , , . . . .  . . 

. . . .  
.>>.. .,! .-,,.,.:,, : . . . . . .  . .  .... .... , . . . 

Maximum v/c Ratio: 0.82 ldgkL6 ",s* &,v.,gi; ,,,2 .,6,, , , . . . .  . . . .  lhte&ecti6~i,LOiS; C-.. .- . '.: . . . .  , . 

. . . . . I . . . , . . . . . . . . . .  ...... <" .  ..... s :,. .>c.- ..*.. .>, z ,..> .,\- %<.*:,:. . . : , . 

211 7/2005 
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HCM Unsignalized Intersection Capacity Analysis Bow Lake Site 
1 : S 188th St & Transfer Station Driveway 2004 Without Transfer Station 

Lane Configurations 4% 
;.. ,, .:::;, *! ' 

.- 

.... . . . . .  . 4 slbR ~ b - " ~ h , :  ;:j;?;T<;s:,:- :;, :.., Fbe: ,,::,: 

":. .,.,., 
. . . .  ...: ..;: tpq;;,,':: ... .. . . . . .  . .  . . . .  .. , . ., .: 

Grade 0% 0% 0% -.. - ~. - .  - ~ . . . . . . .  . . .  . . . . .  v&,riie, ( ~ ~ j ' $ i ~ ~ ~ ; ~ ~ ' , , : ' :  < 1,753; '-, . , , ,  ,; 0 . f444: : .  . , .  :̂ . .  ' O . , ; . . , . . o  . . . . . . . . . . . . .  - .:. .; .;: . . : .  2 
. . .  .:.. . . . . . . . . .  . . .... ....."....... 

. . 
) ,.:" ' I;,. . . . . .  . . .  . . . . . :  . i ..:,< i.. : 

. .:,. 
:. ?,. .*.: ,"< :.:. . "  

Peak Hour Factor . 
......... 

H.o$. u : ~ $ . f ~ w f ~ , ( ~ h ) , ; , i . ~ ; ~ ; , ~ ~ . , ;  +, >:. .,<% ::;:';:0 Q:; "f57'0:.::;.::::7;,:. @.j..,.y. ' 0 .:;, 
0192 '' 0.92 ' 0.92 0.92 0.92 'b.92 . ' ' " 

. . . . .  
:;.:;:... ..;..: :.<....':. ;!:.;;;:{.;,:;..: ': ., . . :  ..; . . . .  . . . . . . . . . .  . . . . . .  . . '  

. . . . . . . . . . . . . . . . . . .  . . .  . :..* . . * *  " ... ". ....... : . ,. . . . . . 

Pedestrians 
. . . . . . . . . . .  . . . . .  

Median storage veh) 
uwsm;~j@d&[;(gf5$~~;3;j:~~ ,;:.. ..;. :A ;,: ,".ye .,: >;*s.. ;,,, ; . ::.. : 7 7 <  !. :.;:.;:::;,.: ;;\:?j .244;!9:< :?;>.;j$$$<gf";?!f~i5:;;fi;,$.;;$y;\~,~ ;.,,>:&.,"$!.~. ;<:c:(++y;:x >?.,&:: ... * : . ...<..:<.<PA: .:,; 

. . .  
,: , ,, , , 

, ,., ,<, ,;:. ,,.+..:;">,;.:. .>????? ,y >\  :<: : ,.,> 1 : /;;.?.;::; : ;. , > , * , . ,*.. 2.. . . . :  .,; : ,  ... ,:, . .. I .&;:y: >;, > 5;, ,'",'.<;p;yi? ::.::,:. : %: 

DX, olatoon unblocked 0.76 

,iri*. . , ~;,- s-i- ',..p.",*%> 1 ' y~~"~~O~~B;@~$cpgqllr~g~ 270%~@2, 635;3.$$s~3~~05~$~$<~785"~2$7 '%?& ;3+;3' ' : ; ~ ~ * ~ A 6 ~ ~ ~ ~ ~ ~ ~ ; ~ < ~ ~ ~ $ ~ ~ < ~ ~ ~ ~ . ~ , f ~ ~ $ ~ ~ ~ ~ ~ ~ ~ ~ ~ > ~ , ~ : ~ < ~ 5 ~ ' ~ ~  :%* :?<, ?@: 5 +? 
,.+, ,: "!..,, .o,m..l.s :.,.. . . . , , , 4 ~ ~  *.b ... r.r;G! . .;$, ..; . ." -..... k*:2.,r,z~~ *-., <. .-.,. .,,.:,,.. :;@$.;..,~2,: ~ ~ ~ & ~ ~ . $ p : i ~ $ i 3 k ~ t ~ ~ ~ ~ ~ ~ ~ : : : ~ ~ ~  ,~:?., , Y, .: :_:,.j:;,ii..i;g:~:y3~~~:2~1i;".$::2;22;y. 

Volume Left 
',' '< . . "  .,"" ..--.. : ,.,<*,,< fi..,"q., ,,% x..v:.:*..." ,,.,. 0 0 0 0 0 0 0 .. *:?.... ph,e &'~:, .  ,,'~. .......... V.'.\%X.?. ::> . >.," . <.,, .<... *.. .. <::,, :;;: ,>;>;, ,;.;, vol(j*,&, ~ g ~ t . ~ : p + $ ~ ~ ~ ; ~ k ~ G ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ > . ~ ~ ~ ~ ~ , ~ > ~ ~ ~ ; ~ ~ ~ : ? ~ ~ ~ ~ ~ ~ $ ~ ~ @  '.:~,z 'r,', ., , "'&<?<:$:=>' "'?(YE>:,,$ 
, , ,  , , ,  , . .  , ,  , >.;.................. , $ ,  , ; " . , .. . >,.<.., . .t ....,..;;:. ... ;. :::.::...., . .  :.> .*" .* A i . '  . . . . . . . . . . . . . .  

cSH 1700 1700 1700 1700 1700 1700 1700"" yi[G$= ' @ , ! ~ g $ ~ & , > ~ ~ ~  @;,7g>,;-;~;3~,~~~;~'0;0~~;$2, '~~~@~~:~~q@$~@~~~~&;~fi;~~;;:~~~$;~:;;~~~;~~~;~;,.y:,~~~~!~~;~ : i:.,?,,.;.:;(,; ,.;:;;: ::$ 
".i.r ..,.,.... .,*<..:. ............ ; :X ..,,.. ..". ...,,A. r . ~  .....,, ..:s?+i; 3~.~..4~.:..:~.,.:::";~3: cl:,;r:\;,>:,v.*, ..::.t..:y!$.%~i':.. ".I: ::. ......... . . . . . .  .." ... . ............... .>.. 

Queue Length 95th (ft) 
, : . * ,,r*%.r re r ' r w 

0 0 0 0 0 0 0 
Y$:@&&.> *O (jy:*~ 'x- cw;; .,:, ,'?. @;;';. :; @ o;:::.c ;&o'e$j\2$;@@$;;+;T ."..>;::<; >:. ,:?.;:;;; y,,,, ,:: ;c;$pj5;z:.i 3,.;$;>,:,3~;,,: , ' . , , . ,. 

, , . , , ,,~, . ,. -,, . ,,.< .,\,, zi.:. .st :, , , ,, x, , , , . . , * 4 3 . ~ ~ , $  <ss* .,~<*y +~:~ :~~: l i  .;.<la; :::,.? ..;l;:G~:;::kjj;:c;;i.s.B;~;,:;;>~~.;..~: 

Average Delay 0.0 
r? " vyT#x+,: ..-*; , jw%*x w.<. -j?% , , n ; , ,  . % ,.%<.*&.d,. >$zz%. :s,,: ,*,y+p:.. .. " .  ............. 

: ~ i  2: : . ', ...... ,:, d... .., .......... .~Axc:s~.  . ,.,.,, . L .,... , ................................. .., ..,,,. , ,. ?.+.. A.i ....... ,.,, -..... ........, ,.# .,...... . p:?~ s;"~~;:;.. ........ ;-+. , ;:~sd~!.~~.~;.~:~I~~j:~~:~j~~~f?$:~..jj:~~r, ::; 
Analvsis Period fmin) 15 
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Lanes, Volumes, Timings Bow Lake Site 
3: S 188th St & 1-5 NB Ramp 2004 Without Transfer Station 

' J + \  6 ' < * \  t P b 4  4 

Ideal Flo$,[@l$fifp;, 1900 , 1900 1900 1900 , . . 1900' 1900i. 1900 . . 1900 ' 1 900, 1900 ,. 1 900 1900 
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

9 ; .  .;Is:. . : Tumin&Sge~'(mph) . 15 :..f:* 9 ,  . 15 . .  , . 9,- . . . :  15- -. 9 
L 1.00 0.95 1.00 1.00 0.95 1.00' 0.95 

, .  . 
.oo 1':oo 1.00 1.00 

F . . 
. . . . . . 

. . ' , '  0.850: , . '; ' 0.93'6.:: - :  
. . . . 

. , 

F 0.950 0.950 0.972 
sad. Flow.(firot).. *.~. , -.t.*. ;1770 3539. 0 0 : 3539: . . . .  .1583.1,i1681 o:sjo . e.o.,7i .; 1'610'-:: ., ,:: . 0 . . .  :S., 0 , . 0 ' 0 
~ l t  Permitted 0.950 

~ . "  . ,.< ,.., ~ > . ~  pe& H Q,,y; ~ a ~ b i ; : .  . , : , : ;;i @.gi!,.;c. 0;$2:'',- . 0.92,;;;; 0.92, ";;@.gS;i$ cfgs$:;::0C&:!;2 :, 0;92':;,::';0 '92. , 092.. : , 0'92 , 0 92 
...... .>, 3 . 6  ........ . " . . .  , .. .&.<, /, :.. . . . . .  '.;.%,. . . . .  : .... :.:-. > ,  .....*.... . . . . d " .  . . . .  

Adj.~low (6h)  
L g n $ ~ ~ " i j ,  Flci'W:,(vph) , :3g9", .:',l'&$, . 

0 0 950 991 432 1 116 0 0 
0 ' 0 . 950::::: , 99t:i;1'276,,:; 273 ..::::o' ' : .,.,; 0 ;',. - ' 0 

. . . . . . . . . . . . . . . . . . . . .  . . . .  .. . .*-  . ..,'.: . . . . . . . . .  . : .  . : 
0 

Turn Type Prdte&a : Prot 
. 7 : :  4 ,  . . 2 . .  : ;  . 

. . . . . . . A , .  " .... . . .  . . . . . . . . . . . . .  . . 

59.0, .:.,, '.':0.0 ' 0.0 . _ . .  37,0';.'~<37:0;;~~,2'1.0.. ,2:1.0"':10.0 : . - O . O : c  0.0'. 0.0 
. . . . . .  . 33:b ..... ...,j.d .. 

- ,  

Aaiu;atiu;a-w,~c Ratib';:, , ' . , 0'22 , " "' 
55.0 

.). , , . . "1.. 0,'4j:: .~'~~'0';41~;.:<."~~~~.~: :;o 21:~.:: ,,. !; ;;:';; ,> ,;.;:.~; i .  .: , . .: . .. .. .>:; ;: (j:ijg. .,.? . , .. *;. . 
.... ....... . . .  . ... . . . . . . .  .". ".. ,. < . ..I .. . ,. . . . . . . . . . . .  a,.?:- ? . . * . . .  <' : ..;. - .  ' >.., . . 

VIC Ratio 1 .OO '0.61 0.65 TOO 0.77 0.73 . . .  . . 
.< . :  . .  . . . .  

. . ,  

f ~ t a l : ~ & i ~ ~ ~ ; ~  . .:-; ' : , < $ - , , e : ;  .; I., :; 79.6;; :, . $0 ' ' , 
, . 

ii.. ,". :, . . .  : I . . . . . . .  :... 

. - 
LOS y E 

...... : . . . . .  
A 

, ,  
, . ; :.: .:, ,,: . 233; . ,: ,, ', .,... \<.& *,-:: . . . . . . . . . .  *, . .  ...... .. 

Approach LOS St" 6,3z,,. 'A .'-" " . 
C 

ps..~@h~~.:~i~3$;:. '  , , :  ;. 309;;.~.'' 666 ., . <,.. ....... .,, 4 , .:gi: . ,.., :c. .:. ....... & .  I- . . .  

Fuel Used(ga1) 10 16 
c ' ~ , : E ~ ~ ~ $ ~ ~ $ ' ( & ~ ) ~ ; ~ ~ ~ ~ , ; ~  . : 726~:',>,!.>1,d, 23,';::: ;. ":, 

-. .- sx\., '..,=?a" ..'..*<.. ' <,>",.. . . . " <  ,,.*,. . . . . . . . . .  

NOx Emissions (dhr) 141 218 
VOC E%issionS (S/hd 168 260 149 1 8 4 '  86 75 , 

~i lemhk vehicles (#) 0 0 0 0 0 0 ; 1 7 , , . , . ,,, , ,:); 2~9~~f~:>j'37~~,.~~<::&~4;j~3;~.>~;;$~~ ::, :;:+:v,.;,y, ? ),, :; :<':; ' ;," ,,,: 1. . ...... . ......... . . . . . . . . .  ......> .,<, ...r..C-rxP. ,<A%.. *Crxj ,.,, >:i >. >..-.%+A. :. , > , ' 2  : ! ! ?  : : : , *, . .. . .  . . .  

Tum Bay Lenah (ft) 
Base ~ & a c G  (6h) 398 2433 1460 . 994 357 375 
Starvation Cap Reductn 0 0 0 0 0 0 
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Lanes, Volumes, Timings Bow Lake Site 
3: S 188th St & 1-5 NB Ramp 2004 Without Transfer Station 

Intersection Summary 
Area Type-: -,2 , , Other 
Cycle Length: 80 
Actuatd.C*k <f$n~. 80 
Offset: 0 (O%), Referenced to phase 2:NBTL and 6:, Start of Green 
C o n ~ l t @ e :  Pj@$$ed - 
Maximum v/c Ratio: 1 .OO 
Interseaioo ~ g n a ~ e l a y .  29.0 Intersection LOS:,C 
Intersection Capacity Utilization 101.1 % ICU Level of Senrice G 
Anal~s~l??%@cf("@n) 15; ' , \  - Volume exceeds capacity, queue is theoretically infinite. 

# 95th percentile volume exceeds capacity, queue may be longer. 
Queue s ~ ~ ~ $ r n a i i m u m  affer fwo'cyclq6. 

Splits and Phases: 3: S 188th St & 1-5 NB Ramp 
I .  

- - 
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Lanes, Volumes, Timings Bow Lake Site 
10: Military Rd S & S 188th St 2004 Without Transfer Station 

. ' + \  4- - % Y  t P L i J  

Lane Configurations ,&A,. F16.:(@h'$ir2:: <,,, 'r I+ v! % 'r 44 f 'i +4% 
1900 1900 1900~1900, '1900' :1900-.:1900~.190~"1900. 190q 1900 : 1900 . . . . . . . . .  

Total Lost Time is) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
. . .  T",rn.i"ij [i;lbh) . . . . . .  . .  . ' .  

'15 9 1 5  : , 9 ,: 1 . .  : 9 ; :  ,15 . :  9 
Lane Util. Factor . . .  

. . . .  1.00 1.00 i.oo 0.97 1.00' 1.00 . ,  1.00 . 0.95' i.'oo 1.00 o.'gi 0.91 ~ f i ' ,  . <;, $.':j?:; . . . . . .  : : .... 0.992 1 i :  : i 0.965 . . . . .  
, . ' : .  ' 0.850,~. ,..$;;;: 0.996 Fn proi&;;; . . .  .. , 

0.950 0.950 0.950 ' ' 0.950 
. .  ...... . . .. . . . . .  satgi.,r!~~'(prot) " 1'770 . 1848 0 . . . . . . . . . . . . .  3433. 1 798": .:. O',.,: . . . . . . . . .  1.770:: . . . . . . . .  3539, : 1 583 ..:I . . . . . . .  n@ 5065 0 

Flt Permitted Said,:l F,"d'*(wm)l,:; 0.950 0.950 0.950 0.950 
1 770, ... 1 84.8 

. 

: 0 . 3433 . A 1798;::. . . .  . . . .  0, 1 ' : ' lnO '.;'. 3539,: ... 1 583 '.. "'1 . 5065 . .  : ,  . 0 . . . . . . .  . . . .  . . . . . . . . . .  Riahi .T"i" ..ged . . : . .  . <  

yes Yes Yes Yes s*;, F~&$~,RToR),:', 
. -\.. ,~.-." ...+.-.... .... &,., . . . *  

Headway Factor 
ceij, hFii;. 

.;. :. . ' >  . < . . . .  

Li"ic 
.., 3.. . .  *..;::. :.:.,. .. ,*. ,:. ;-:.- ..: 

Travp,!:Timq {sl ,:;,:?::;:,:s..i: : . . 

Volume (vph) 
pgs;~~f$g*+;, , 0 92 '.:: 0ig2 :'. 0 92, ' 0'92 ' , ,  o;g@: ; ,092 .:: '0 92.:::,'. 0:921;:; 0 92::: '0 9 ~ : : .  0 92 0 92 

A. .,: .- :<+ ..>... . . . . . . . . . . .  . . . . .  . . . . . . . . . . . . . .  . . . .  .... ... ,<,. : 

Adj. Flow (vph) Lane G:T6*"p: Fie.* '(vph) 16 139 ' 8 411 304 9 3 '  77 685 298 112 1266 37 
' 16"  ' 147 ,,.,*. > ............. . . . . . . . . . . . . .  

Turn Pro . .- Type .. .  
, .fed&d'p has&, : 

Prot 
7 . .  . 4' : - .* .:. ~>.,,. *<: **..~:. :. , , . ' 

Permitted Phases 2 
, , . .: 8.0 , ?O.O 0.0 15.0,,.::, 27.0::.3,, 0.0' ,: 19.0 : . ;  24.& :::24.0 , 1:!l;O,'. 26.0 

. . .  Act (;) . . .  . . . . . . . .  ". . .  . > . . . +  . . . . . .  ? i2.0. 0.0 
4.0 16.0 11.0 23.0 5.0 20.0 20.0 

VIC Ratio 0.16 0.35 
: , 1 , :  ;'35.~^.,, .'24*7,: : ..,. ,.%....... .r:':'*:: ><.: ....... . . . . . . . . . . . . . . . . . . . . .  
Queue Delay 0.0 0.0 y , ,  . . ,35.1,::,' , 24'7:.',.j 

...... ;*. ...z . . . . . . . . . . . .  .............. ... . .  
LOS D 

. , .  . 
c 

Apfi@s&ii". Del&yy;,: ,;'.;;. .,:: , , ' ' 25:' 
I ...><...*.. . . _ . . . . .  

Approach LOS C C C C 

Fuel Usedhal) 0 2 7 6 2 . 11 3 2 16 

NOx Emissions (alhr) 5 33 99 78 23 150 34 25 221 

Q , ' j  , ,  : 7 ,  ; , ,  , ,  , , 
, " i l . : ~ ~ ~ ~ : f ~ ~ ~ ~ ~ ~ ~ - < . ~ < $  ~3: j~-~; ; .~~s"<. ;~~<~j i : "~ ; ; : i i~ , '~* ;Q~~~; i~ :  1j 86 :, ',:: ,:,?::? ............. .. ... . .  . . . ;  . . . . . . . . . . . . . . . . .  >..*.,".*#...A,*.., .x*mO.+.~a," .... .. ,,.wx. ....,... X!::.: .:-.. ..,i?Z., .,, ,.?.:; i,:>,.,:. : '\:'::?2,. >A ..%% r 

Queue Letwth 95th (ft) 25 ' 100 ' #A48 226 #92 192 52 #A14 239 

Turn Bav Lenath (ftl 

s t ah ion  cap Reductn 0 @i,g=K.7c+r Rafi?6ih, 0 0 0 0 0 0 0 0 
... " .  nr . * >.,*, .ca?>..*. ...+. w ....x.l'$,s%%.. 

Storage Cap Reductn ,-+&j" ."/< ~g~~~;::;;;;;,;.::.,, *'" 

9 . .  ................ ................................. 
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Lanes, Volumes, Timings Bow Lake Site 
10: Military Rd S & S 188th St 2004 Without Transfer Station 

Cycle Length: 70 
A@Eatww;-&@tis 79 A x  

Offset: 0 (O%), Referenced t i  phase 2:NBT and 6:SBT, Start of Green 
<.d?>T+, *<'* .**-- a a , .  A 

@nt@l x~;~f!@&~gd:.~'g, ' , . ' ,-,) ; %+* 

Maximum vlc Ratio: 0.82 
Ime&@$i@$f$i&ap 27.5 =' ;, Intersection LOS:,C 
Intersection Capacity Utilization 63.8% 

'., *.% "V" W 2 *<< ?A ",< - ICU Level of Service B 
"$$,"*, x - , ,  7 AnaWg&~@d@QEj+Zi~ vL -- ,;+ ;;% , : - ;. ,,-t"i+>>e# ". r :- . - 

# 95th wrcentile volume exceeds ca~acitv. aueue mav be lonaer. - 
~ u ~ i i e  sh'oWi$maximum after twd cycks.? 

, . . . . "  I .  

Splits and Phases: 10: Military Rd S & S 188th St 
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Lanes, Volumes, Timings Bow Lake Site 
3: S 188th St & 1-5 NB Rarnp 2025 No Growth 

) + \  4-- ' K T  t P ' - 4  J 

.... . . . .  " ' 9 , : : ,  1 ,  , 5 %  . ,,,9 . . .  :.15 . . .  ' . ,  
TumingSpeed;:(mliiph) i . . : 1 ' ,. ., , : 9 -  ,115 , . , ,  . :  . , ,  . . . . .  A,.<.," . . . . . . . . . . . . . . . . .  '. 9 

s~g.tai,F1w'tpr6tyr-ii , ,:,,l,na: , 3539,. -, .- - :  Q,::.353Q..:,:,t583;'&'168,1,j, ::1m; :,,,~.:"'.0-,:.: .:' -0 . ' 0 , 0 
. . . .  *..I ..;;:cr> . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  . . . . . .  ......... .. .............. . . j l  Lr!. : . . I I . ...,*..>. ?.:.,?',..> . . ' : 

pg&".~"ii"~;~&%'*ii'i;f;;;7.;-:5;;;,;o;9̂r:",,;i"'o;gg.~'.'; 0;g2z:<;i .g$;":O"$@$:~~,~, *:g2.":..:: *,g2\::'~"o'~9~:;:1. .@ ,J*j,'. g2;': ;:,, g2 ~. ....... I.,i r ...... .$**.* ....... -. . h.2 ...... I;: :..,* ..,_ %i%.:+,<(?<* ..... c.l.:.rr.. .......:... - . . .  :Y%..:.: $>'.,,f ........... .:. . ,'I:'.. . . "  ....... >, :'.';. .... :..:.. . . .  - ........................ '....:.. 
Adj. Flow (vph) 604 2243 0 0 1457 1521 654 2 192 0 0 0 " : , 4 3 ;  ' 0  # ..... .o , ,:,: 6 '-. '0 

. . . . .  . . "  . . . . . . . . . . . . . . .  .......... ..*."<. . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  ?I , . .  .i. .,"L 

Turn Type  rot ? +  . :  , . ,. . ,7, , . . 4 ;  .: , ., . , . , . . 

,.# :z:. , . ,. .............. ........-.. 

,o : . 0.0' . 65.0:;:;. 65::0:?:, 320:: ,32.0 , .;'.'Q 0'. { . 0.0'; 0.0 , 0.0 . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . .  .. 
61.0 61.0 28.0 2<0 

x&gt&$wc Raf$;::- * : . 
, , , - ',,: , ', %, . ;,- ~Y~::~ , ' i ) -47~;$  a: 0 , . :,,;?;:: :,?,: :;:,, :. Y: . , 

" .>,* .;...... -..,+.. . . .  ..& . . . .  .... : : 3 . !  *.. .:i(:. .: . .t .;..,. ............... :x. . . . . . . . . . . .  .\f :C. > 
, ,  . . .  ................... . ... ...............-.. . . . . . . . . . . .  

VIC Ratio 1.53 0.88 0.88 I:47 1.21 1.14 
Control DBiay . 285.8 18.9 38.5 239.t 161.9 136.0 
Queue Delay 0.0 2.6 0.0 0.0 0.0 0.0 
Total Delay * 285.8 21.4 38.5 239.1 161.9 136.0 . . 

is;<s2r ?r-,*.e".%.. ... e"...,>.:c<> $;. ..... 
,- .c 2706:G:"22f1sii,:::; , :: :':: .::.'IT ; ,,~:,.<(j 3'635<F5'23@r3$ 12d@'21 0j.S < j ~ ~ ~ , : ; : j ~ . ~ , . ~ ~ ~ ~ ~ ~ > ~ > ' ' . ' ~ i . ~ ; ~ ~ ~ , :  '::;:::, ;, a , !':,:',::;.!:,, m;.cq!~b~%~ig&Q:22i:i$: : .&.&.*,&~3 ." ..*. ' .*..," -s,,h. , < ....... ; ....... ,,,,,.. ............. ,,..,,,,,<,,.,,. .-.,,-,., ,-?. <:-:-:., <. 4s:: . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ". 

Dilemma Vehicles (#) 0 0 0 0 0 0 

Starvation Cap Reductn 0 209 0 0 0 0 
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Lanes, Volumes, Timings Bow Lake Site 
3: S 188th St & 1-5 NB Ramp 2025 No Growth 

Intersection Summary 
Area,Tjrpec- *,%f? ,? Other 
Cycle Length: 130 
~cfu&& 'c$ -$.130' 

v m  a .. 
Offset: G k ) ,  Referenced to phase 
Confro1 T j  @$@$$epy: . 
Maximum vlc Ratio: 1.53 
Inteee$on Sig@~D.De,6r.hf,l 5.0 Intersection LOS: F, 

$ ; Qu<jJeq@i&j@gfi$m a~gczm @ j @ ~ 3 $ + ~ ~ , < ~  kc b ' J j ,  ,- . "  =- ,. + : 
# 95th ~ercentile volume exceeds ca~acitv, clueue mav be lonaer. - 

~ u e u e  shbh' is maximum after two cycies: , . , ,  , 

Splits and Phases: 3: S 188th St & 1-5 NB Ramp 
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Lanes, Volumes, Timings Bow Lake Site 
10: Military Rd S & S 188th St 2025 No Growth 

= + \  '<1\ t P L . C  

( , , : 1 5: 
Lane ~ti l . '  Factor 

F16G.+ . 1 no 1848 ; . 0 34331,, 798s'. . : ' : ' ? @ $ ~ . ~ . ~  ;': 3533 . 1583 G:,,gl'f 70 ::' 50.65:'. ;. 0 
. , , A .  ,:. .; , . , .v.>.. tp".qtI ::::, . . .. . , . . . , : . ..,\..:..", . . . , .  , , : . . . . . . . . . . 

Flt Permitted 
Sd":: .  ' 

",.,~,* ". .. \ 

0.950 0.9k 0.950 0.950 
, , , , 1 ,  1,848:. :. ,: :0\,;;:,;3&3 -:;':1 798:$$!jF 0'' l,m:;ii . 3 5 3 3 ~ ; < i : j ~ ~ ~ ; 3 7 7 @ ~ ~ '  5065: ;:'',.::-:.O _ ,*, . :_  . . ~  :.+.,, _ \ . *  C ' , ,  , , . ,. . .. . ~ .  .. , , , .., . ,,,,, , , . .  . . , I - . .  .. ^. . . ....,", ><. ..",i'.. .... . , . . . . , . ... h .. 

Adj. Flow (vph) 25 211 12 624 461 141 117 1046 451 170 1923 57 
e r o o w .  { h ; ':25-;. 
Turn Type Prot 
piOtect'&j p'F&;&r <::. ; :. ,.; : ' . 7  
. . V , ~ . .  .<, ... ,* ...., * , -  , A. .,,," ..,.. .' . . . . .  

Permitted Phases 
r&tg[, sp~fi'.f$j~~~~<~i??ff: ,,: 1' 

, ' 8.0,. : 20.6': , 0 . 0 7 ~ v ' , ~ 1 ~ o , ,  33,Q!.',;1-.:;' 0.0 .; t'0".0';:,':36.0'; ,: "'36''05'::''!3.0 ', . 39,0,. . .;:: , O.O .... . . <,. . -.: %". .- <E!:&>;::+. 

4.0 . . GI- 
. ...: .....*, ... .. . ... ., . ... ,.. . . . ,. . .. . . .. .. . . :.".,, r.:.:;.. . .. . . .. 

Act Effct Green (s) 
-^.-.rh... .*. l lp - I  I . . 1 . . . . . ,  

17.0 29.0 6.0 32:0 , 32.0 9.0 35.0 
A&&tqdG@$id, :-y.y.,x$,: 0.&4, , O,,i @:!<,; < , : I , < ;  '.;~,~g~;:~:;.;,0~~3~'~~;;~~;;,$;>.+,:;~: ,~~;o;~~~.:,;;;;~!~~~,,;; ,::, ;~~3~~::~~o:joj:;!~;,o 39""; :; ,;,,, > 
. . .\,," ., ,, . *" .. ,,. . , ,.' 

d.si" 
, ..... . ".,,". > . . : . :: < .. : . .~.  . . .... .." .*,,..... .. . '<.> . ~ .  ,,, :.:, . ::: . , : , ... . . 

VIC Ratio 0.96 1.02 0.99 0.83 0.53 0.96 1.00 

Queue Delav 0.0 1.1 6.5 0.0 0.0 0.0 0.0 0.0 0.7 

NOx Emissions (a/hrl 8 63 190 193 55 250 50 60 449 

Base ~ & a c ' i  (Gh) ' 79 331 648 592 118 1258 853' 1 7 -  1973 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 
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Lanes, Volumes, Timings Bow Lake Site 
10: Military Rd S & S 188th St 2025 No Growth 

intersection Summary 
Area T"mri '<:jP;l- ' '. Other 
Cycle Length: 90 
Ac i i i&~~Qi$e  #B@-I: 99 , 

Offset: 0 !O%I. Referenced to Dhase 2:NBT and 6 : s ~ ~ :  start of Green 
~ontro i~@: b&&fii&trt; 
Maximum vlc Ratio: 1.02 
Ir$eser$$.S@$$;LDelak 51.3 I ntersection LOS:,D 

')i*$+?kX-. ' CII ..u. ' - 
- ~ u B ~ , f j " ~ ~ ~ ~ ~ ~ ~ m u ~ r n " ~ a ~ ~ r ~ q  c$cii$. * 

\I" "a 

<>:?: > v  , + " 7 

# 95th mrcentile volume exceeds ca~acitv. aueue mav be lonuer. " 
~ u e u b  i h d  igmaxim"m after twd cycks.' 

Splits and Phases: 10: Military Rd S & S 188th St 

HDR Engineering Inc. 
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HCM Unsignalized Intersection Capacity Analysis Bow Lake Site 
1 : S 188th St & Transfer Station Driveway 2025 No Growth 

t f b 4  4 ' *  

Lane Configurations 4 4  % ?f 
Sign ~ o n t 6 l  '   re& stop + -  
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Lanes, Volumes, Timings Bow Lake Site 
3: S 188th St & 1-5 NB Ramp 2025 With Growth 

P%li:f%k%F$'i%' , & 9 ~  0,92 6.92, 0.92 I ~o',"9?&~A0$~~~- ,P",qZz* .a,$..;, 0.922 0.92 0.92. 0.92 
~ d j .  Flow (vph) 604 2243 0 0 1&0 1545 654 2 192 0 0 0 
l&i8CiA@u~ FIiiwrVph) ', ' 694', 2243 0- . 0: avjwO".*L 1 g5:. ' 439 ' 4 9  2' U 0 0 - 0  
Turn Tme  rot perm P;& 
~rotecit$ Phases 7 4 . 8  2 
Permitted Phases 8 2 
T6hf s$lif,($)??C~::;~$,, ,. .;5--";:32";0~" ,,98.0,, ,- 0.0 "; 0.0~. 3 @"o!::: 32.0;,,-;, 32;0';,' ,$::; 0.0.. , ; :, 0.0 : ,' 0.0 .: 0.0 ...,.. . . .. . .. , ,..... . ;:,A?':& P< . . "'?%**; .,.., . . + .. ..~ .. . . , .., ,v ..,. .. .."..,. 1..? .",' , . . .. ,..... . .. . \ ,.' 

Act Effct Green (s) .. . .,"',? 28.0 94.0 62.0 62.0 28.0 28.0 
i 3 , ,  > ' 7 , .  . ; '<:"i ,; ,;,,:i:j5;,;~":F'd$w *,?. C,' 0 .-$$ 48̂ i'><(jp& )I:" 'J*." 

'%%> '" 0-22. t z -  ' "-<. : :.':j;S. ,* ;. ," ':.. ,,,>' ' 
\l, _ , , *  

, . . < . ; . .  " . 2 . .  . . , ,",.,+"-*T.'%.x,,f:k"z. *,>< :*:,, . :.?X "\*<A .,<,s+"&., . < <; % " ,, . , . . , , ,.? . ~ : :,, * 

Queue Delay 0.0 2.6 0.0 0.0 0.0 0.0 

LOS F C D F F F 
Ap$r@Aaq?, Delay -. . 82.6 - 142.2,:'. , S ,  , 549.4 ., 
- ~,.r~ ~., - - 

,.. L ' M G *  . . "'WL?$?*& >,r'..:; :; ,,:,, ' . 3g5!.2 ;,,5'o-$>,?;.* : . , , .> " A % -, 
~ ., ,. , ,,,?: A,c;LT3%G 54 2:,$:1 .1,?&:;&<:7&@@$i*3 ~ ~ ~ > ( ~ ~ J 2 & : ? 2 ~ : ~ $  s;~"~:z"~~\,., . ;-. : >\., ,,: **,~*,~,* ,'. ,; .> ,*b,, ,. <, ,, ?.'"*z ' T ~  R..,w>& ,&>p ..:* ~ \.,-,, 

Fuel Used(ga1) 41 32 20 77 
c ~ ~ ~ ~ ~ ~ $ ~ ( ~ r ~ ~ $ ~ z j ; ~ G .  28M$i gz$Y',', ,' ; , : ~ ~ ~ ~ , ~ 4 ~ : ~ ? ~ L ~ ~ ~ ~ 1  ~ 7 ~ 3 5 3 7 5 $ 3 T j ' 2 $ 1 ~ 1 @ f 5 ~ ~ ~ ' e : -  ,,* s,j,,-A,b,-,,. ,:,.:. ,. :> ": ;, ,'<.:;.,:' .-' - ,.~. ' - ' "  , ..;*::!2 " " -."' ', ," .'",., " ~'.' ,"-" 

.."\.,PI -vc+, *-#&+*: "..u ">.%.. ..?.,<.C.A ..%&*~..> . .,,,".+.? A;.:. . .. .,i .z. ...u >. :  *:. .;:::r ..,- a::: ...'.+,w,: .%&*:;; *.,i'$..,&;?2.*...L.,ru. .."." . .+. ,s , >*i*-<,;;.. , + ,\, '.. : ':.) :.::: .. 
NOx Emissions (glhr) 563 430 266 1046 241 197 
v ~ ' ~ ~ 3 3 f i $ ( ~ g J $ s $ : $ ; ~ e 6 . ~ ~  ;Y$s.$g -:; , >::? .:'<?<:$;A Ti,: ,+~:,"~~-~$fj~$3&,3-~$6~~$~26*~$3>~;: c+:5,zce &f$$$$pT$> ' ' ' -*.' ., ! $$;,%:? ~c~?$y' ' .&~~. ;,(;.,....?',,,,,,',i,; A .  : . -  , " . : 4 . : . "  . . , . : , , .. .. "\!::.'* . ; 
Dilemma Vehicles (A 0~ 0 0 0 0 0 

Turn Bay Length (ft) 
~@c~~g@~@~];f@;;~~~g~;<$,~$;;,f,,~ * .:;~~;i;,;~;~;;;7w~~~~;~j;mg@q~@~~ ,- , x , $ ~ ? s : ~ ~ ~ ~ , ; ~ $ ; , : ~  r-; ;>,, , ; :,, ;;:! :: ,,,,, ei: ,;!, , ;, ,~ 

a< x- yw.xbfi-. .= ,A . .  , , ,:," ..q,r.. . . .. . . .'. .. 71 ..;::: . :;A1e1, : ,,.-, s~5.qs.n. r.Q+,.b%2?5Lj!,$%2.i-7%~ 111,1111 >.:-A, ::.' ''1;. . \:,.:::; .,. .,~.,, . , .* ~-:  :, , -, 
Starvation Cm Reductn 0 209 0 0 0 0 

Storage Cap Reductn 0 0 0 0 0 0 
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HCM Unsignalized Intersection Capacity Analysis Bow Lake Site 
1 : S 188th St & Transfer Station Driveway 2025 With Growth 

t f b & f t r  

Sign Codrol Free Free - Stab' 
Grade 0% 0% 0% 
Volume (veh/h) 2657 12 29 2189 29 76 
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 
Hourlyflow rate (vph) 2888 13 32 2379 32 83 
Pedestrians 
Isin@ Width (ft) \ -  , 
Walking Speed (Ws) 
Peerit Bloc@ge : 
Right turn flare (veh) 
Medidn type, None 
Median storage veh) 
u+trg!a.$ sig<@ (ft) 
pX, platoon unblocked 
yCi wnflict\% %oliime 
vC1, stage 1 conf vol 
vC2 f 9'&$='2 sn[ 
vCu, unblocked vol 
tC, sing1e(s) " 

2.2 3.5 3.3 

Volume Left 0 0 32 0 0 32 0 
Voluse q1g h t ~ ~  
cSH 
Vo{u~etoCapai$y 1,13 0. 
Queue Length 95th (ft) 0 0 24 0 0 Err 92 
@@41 Delay- (s) , 
Lane LOS 
A'pRip:aZC Delay (s) 0.0 0.6 28g.5 
Approach LOS F 

Averaae Delav 59.6 . . 
~qtkrs&tion capacity Utilization 85.204 ICU Level of Service ' E 
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Lanes, Volumes, Timings Bow Lake Site 
3: S 188th St & 1-5 NB Ramp 2025 With Growth 

Actuat%> cK@,'E'i@gth': t 30 * j 

Offset: 0 (O%), Referenced to phase 2:NBTL and 6:, start of Green 
Controf f yp; PteK~ed , . , ,- 

" * 

Maximum vlc Ratio: 1.59 
IntersejionSi$ndl Delay; 11 7.9 Intersection 10s: F 

Q@"&**'~S aftefh?rij &*l&.:"";>:*' * - < -, % 7 b  , i  ' ,  

# 95th wrcentile volume exceeds ca~acity, queue may be lonaer. 
~ u e u e  shown is m4ximum after two cycie& 

- 

S~l i ts  and Phases: 3: S 188th St & 1-5 NB  ram^ 
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Lanes, Volumes, Timings Bow Lake Site 
10: Military Rd S & S 188th St 2025 With Growth 

' t  $- 't? t P L C  4 

. . . . . . .. , , 
. . . 1 900 . 1 900 , 1 goo : '1 go jOb;i "',1 g ~ ~ ; ~ ; < ~ f @ ~ ~ , ,  jgo~-;.:'i 900, . . 1 900 i 900: : : 1 g~o; , : )  .,I 900 . .. , ,<?...::,*..<<>..,. ., . , ,... . *. . . .  . ,,. ,. . ,. . ....,,,. . . 

Total Lost Time (s) 4.0 4.0 4.0 4 0  4.0 4.0 4.0 4.0 4.0 4.0 . . 

Tu~%!r ig :S .~~@@h)  , . . ~  , : : g , 15 ; : 
0.95 ,, .? :  . .  . 

1.00 ' 1.00' 
1,:. , .: ̂ 0,850:..;;;. ::j..i: q.996;. 

. . . :t, '; 

sifd,,"~[a:(pr6i),g; : 
0.950 

. T<<.,* ,,:. ~d.,?:. . . ., ~ . 
FR Permitted siiN;'FrG$(pe'fi),, < , . ' . '  

\ ,.. , ,<-w .*A .,.L," $.> . ., , . 

Rght Turn on Red 
s6e,yE,rd*,j: ( R T ~ R  j< , 
. , . ,~, . <,:<,.. ..+," >,.. :.+ ->>. d, 

Headwav Factor 
Link ~ & e d  (mph) 30 30 30 30 

p&%&g;j4&"f~5ci6rF' .,.: , , , I :  om9*$ ,,. ' , ; y . ~ ~ . . g ~ ~ ~ ~ : ~ g z ~ & ~ ~ ~ > ~ 2 ~ @ ~ 2 ~ ~ : : ; , :  .. 0 .9g$:<~p;9"2:~y,~t7.;~32 ;:>, ;;: o;g&:$,2,j~g*:?:,l o;g,g 
, . . : , . . . . . ? . " r. . . , . .,. ... :. . ...,, ,. . . . . . . ,  . . : .  , . : , ,  . , > : . . *. ..\ -. . , .,. . -. .- . . . 
Adj. Flow (vph) 25 211 12 624 461 141 120 1061 458 170 1923 57 
w,,G6$f:fbi:,[vh) ,-- 25 , , 223. . . 0, :''?',62$?$# 602~5:<,:.::"'b~:.:~~!~~;,i<j'd6j~~ ,' , 4.58';: :,.: 170;;. 7980; ' . :.'- r.0 . .., . .".: ...,.. -.>. .. ,,... ,.,, >: * . . . .  . ,.. . 7 " .  . .  *, ,. ~, ,. \ . ,:.. . .  . " ......,., . . ,.. . . 

Turn Type P;*im-&:.,hhh.es ,., , , :,  rot 
i .... .,i ,..,.. ,&,: .> , . . . 7 , ,:4. ,; 

' . . , . . . 8 0 , - 20'0; 1 :.-.,, 0 0:::'- 2!'~0",~:,'33,:0 .,:$ 0-0;:. j(+J;o'::.~'36.'0: 1," 36. 0,;. 13.0;::: 39.0:: ji0.0 . . ' > . . " , ., , . . . . . . . . , . , . , , , . . . ..; . .. . . , ... 

4.0 16.0 17.0 29.0 6.0 32.0 32.0 9.0 35.0 
, ; 0.:w;:,,3f 8 : ,.,;.:;: ::::+ .,;.[@@:,:;>~;:@,;3i7~~~r2 :: ,,,',"Ii,: ~ ~ ~ ; ~ ~ ~ ~ ' ~ ~ j . ~ ~ ~ ~ ; ' ~ ' : j a ~ ~ ;  oi) 0": @'a,, : ;.;,.,:: ' ,  

,.'<..">,< -,,.., *e : .  . . : , ~.. -*,. *-;.\ , .. ', " , , . .:;\:+.*:??\~>.A:. ,.>., "=::%i:: .%, +. . > ,.>;,. .-.,'";'.\; ,.:. . ..\: +,..: .,, ..., ,-:,:; ..*.:: , ,, .,: ,:,:i, ,.>.. .. . , , , e 

Approach LOS D E C D 

Fuel Used(aal1 1 5 14 14 4 19 4 4 33 .- , 
-A%*w*z9-T -.. ' ..- .,.-. . ' .*:. ." ... . . , ,, , . ,. . . ; c@EpBsmns, (g/hr)::x, ::.+, ;; :, 40 ,::,":.:,: 324~+;;;,,5:,7;;;p;;;g7$;::<; g$~~~$~::?:~;>;~;$!;~@g~;~;f $.~,; ; I ,~~;;~~2~~~~: 30g2;,23~87+ >;: ,,.,;;;.;:: 

%,?zh,b ,,., . A .  . ? , , , , . .  . . , , , . ,, , % ,... p* ,,,* * . A , . .  ;. ,,,,, ' , . . " j : '?+, ;~. ' "<~~~~ r:&-,*>,,.:!. , ; .,,,. ,. , , , , ,$, , , ,, Is" s,,,-,,,, ;, Jt ' ,?.> ,, 

NOx Emissions lalhr) 8 63 190 '  193 58 256 51 60 449 

Dilemma Vehicles (#) 0 0 0 0 0 0 0 0 0 m~~~ :@$@~$~[ f i ) :~~$ i i~<~~~ ; i~~  ~;fL$~ff8~~~<~:~q~~$ '~2~f32f82~'~$~~~- ;2 j~~;~33~~s:2 ,~~~,274 '~~~288'~< , ; , { ~ ~ ? ~ ' ~ , ? ~ ~ ~ ~ g ~ ~ ~ ? ' ' ~ ~ ~ ~ ~ ~ . i ~ ~ ~ , ~  
.,,.*. :.:.">~ .u;,.. ,. ,;," ,.. i;::.r ,*'. , ".,. - ; .<. ~3..:i::..b~:.:;.~~,,~:r.'9 .999.,. 2:: :\:&< .,.. .....:,~?i%. .*.w,:,L:,~~ -+.. i; . .. .. . , . e . . . : &' " #207 

Queue Lenath 95th (ft) #290 #565 #A82 #373 62 #223 #532 
mtemat ~ i n i  ~ s i  (ff j ' 990 718 ,226 - 328 

~ d u b d ' v i c  Ratio - 0.32 0.72 1-00 1.02 1.02 0.84 . 0.53 0.96 1.01 
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Lanes, Volumes, Timings Bow Lake Site 
10: Military Rd S & S 188th St 2025 With Growth 

Intersection Summary 
.;$ ' Other AreaTqe? ' *  

Cycle Length: 90 ' 
A;ct'uatM Q'#le @&h: 90 
Offset: 0 (0%), Referenced to phase 2:NBT at? 
C~ntyl~TyPe: e@i$jed ' 

Maximum vlc Ratio: 1.02 
In@k@f@n, Si6AakOelay: 51.5 Intersection L6S: D: 

- Volume exceeds capacity, queue is theoretically infinite. 
Queue & 6&imum after two cycles. 

# 95th oercentile volume exceeds cmacitv. queue mav be lower. - 
~ u e u e  shownCi6 maximum after twd cycies: 

Splits and Phases: 10: Military Rd S & S 188th St 
I .  
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LEVEL OF SERVICE CONCEPT 

Because intersection capacity and traffic flow performance, or "level of service", are prime 
factors in the process of developing and evaluating alternatives, a brief description is 
presented here for the benefit of the lay reader. 

The ratio of existing traffic volume to available capacity provides a measure of the 
intensity of traffic loading relative to the ability of the street intersection to accommodate 
the traffic. 'The number of lanes, presence of turn lanes, type of traffic control, signal 
phasing, etc., are important factors in determining capacity. As the volume-to-capacity 
(vlc) ratio approaches a value.of 1.0 at signalized intersections, extreme congestion sets 
in, with long backups and several complete changes of the signal cycles occuring before a 
motorist can proceed. Motorists at stop-sign controlled intersection approaches face 
extremely long delays when the vlc ratio approaches 1 .O. As traffic queues lengthen, this 
congestion can also impede access to and from upstream abutting property. 

The term "level of service" is used to describe traffic flow at intersections. For signalized 
intersections, the level of service is based on control delay per vehicle (see table A-I). 
Control delay is a measure of all the delay contributable to traffic control measures, such 
as a traffic signal. Control delay includes initial acceleration delay, queue move-up time, 
stopped delay, and final acceleration delay. 

Table A-I 
Level of Service and VolumelCapacity Ratio 
Relationships for Signalized Intersections 

Level of Control Delay Intersection 
Service General Description (seconds1vehicle)l VIC Ratio* 

A Free flow I 10.0 I 0.60 

B Stable flow (slight delays) 10.1 to 20.0 0.61 to 0.70 

C Stable flow (acceptable delays) 20.1 to 35.0 0.71 to 0.80 

D Approaching unstable flow 35.1 to 55.0 0.81 to 0.90 
(tolerable delay - occasionally wait 
through more than one signal cycle 
before proceeding) 

E Unstable flow (intolerable delay, 55.1 to 80.0 0.91 to 1 .OO 
intersection operating at capacity) 

F Forced flow (jammed) > 80.0 > 1.00 

1. For operational analysis method which requires detailed geometric, traffic, and signal information usually used 
for existing conditions analysis. 

2. For planning-level analysis method. Planning-level analysis is used when there is less certainty in the input 
when default values are typically relied upon and future traffic forecasts are used. 

Source: 'Highway Capacity Manual", Transportation Research Board, 2000; and "Interim Materials on Highway 
Capacity", Circular 212, Transportation Research Board, 1980. 



Level of service A is a condition of unimpeded flow, while level of service C is often used 
in the design of new urban streets as the lowest acceptable level for peak periods. 
Congestion begins to occur at level of service D (vlc from 0.81 to 0.90). Because of 
funding andlor environmental constraints for irnprovements, this level of service is being 
used by more and more cities as an adequate level, particularly for irnprovements to 
congested existing facilities. lncreasirrgly unstable traffic flow with excessive delay and 
congestion occurs as level of service E (capacity) is approached (vlc = 0.91 to 1.00). For 
VIC > 1.00, level of service F (forced flow) is obtained, and the intersection is overloaded 
or is jammed due to traffic backups from overloaded downstream intersections. 

It should be noted that equal vlc ratios at several locations do not necessarily indicate 
equal overall performance of intersections. One intersection may experience a high vlc 
ratio for a considerable period of the day while at another intersection the peak period 
lasts a short time. In addition, a low level of service is more tolerable at a low-volume 
intersection than a high-volume location. 

The general level of service concept also holds for stop-sign controlled intersections, 
although the capacity of the stop-sign controlled approaches.is less than that of the 
signalized intersection approach. Table A-2 shows the level of service criteria for 
unsignalized intersections. 

Table A-2 
Level of Service Criteria for Unsignalized Intersections 

Control Delay (d)' Level of Service 

d l 1 0  A 

1 0 < d s 1 5  B 

1 5 e d s 2 5  C 

2 5 c d s 3 5  D 

3 5 e d s 5 0  E 

d > 50 F* 

1. Control delay is measured in seconds per vehicle. 

2. For level of service F, when demand volume exceeds the capacity of 
the lane, extreme delays will be encountered with queuing which may 
cause severe congestion affecting other traffic movements in the 
intersection. This condition usually warrants improvements to the 
intersection. 

Source: 'Highway Capacity Manual", Transportation Research Board, 2000. 



Capacity analysis for two-way stop-sign controlled intersections is based on the 
assumption that major street traffic is not affected by the minor street movements, and 
that left-turns from the major streets to the minor streets are influenced only by opposing 
major street through flow. Therefore, the level of service calculated for two-way stop 
intersections is based on delay experienced by only the minor street movements and the 
major street left-turn movement. 
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